In (4) @ represents the optimization variables, i.e., the parameters to, be determined, and H' the number of harmonics considered in the harmonic balance simulation. It should be noticed that H z H (the number of measured harmonics used), and H' can be different for different bias-input frequency combinations. For higher accuracy H' could be greater than H.
We solve (4) by organizing it into a scalar form:
where the superscripts R and I represent real and imaginary parts of the corresponding component, respectively.
Note that in sol~ng the harmonic balance equation (5) 
where J( $, 7(~)) is defined in (6) and is available at the solution of the harmonic balance equation. Then by multiplying both sides of (10) by e~(k), we get where
and is determined by solving the adj oint system
It can be proved that if~, is a parameter of a nonlinear element at branch b, then Fk=; .$S'(qk), k= O,l,..., H. (14) ]=1
Since the measurement will not be zero, we can balance the k th harmonic by extracted using small-signal measurement data. The nonlinear elements of the model are described by [14] '~=F'"~(t-')o~(t)'(1 During the optimization the nonlinear circuit is solved using the harmonic balance method, where the excitation of the circuit is the available input power Pi., which can be converted to an equivalent input voltage source Vin by (20) To examine the robustness of the approach, we gener- We selected 32 bias-input-frequency combinations, as shown in Table IV . The first three harmonics were assumed as measurement data. Any signal below -30 dBm was discarded. There were 111 error functions in total. To extract the model parameters,~j optimization was applied and the result is listed under the case 2 column in Table I . Fig. 4 illustrates the modeling results at a bias point other than those considered in the optimization.
Excellent agreement is observed. Table I . Fig. 6 shows the match at the solution between the model responses and measurement ts at one of the bias points taken into account in the optimization, while Fig. 7 shows the match at a bias point not included in the optimization.
Good agreement at both bias points is observed. [5]
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